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1.0 Project Background and Description
This technical memorandum has been prepared as part of Phase 2 of the Farming in the
Floodplain Project (FFP). The FFP is one of four components of the Floodplains for the Future:
Puyallup, White, and Carbon Rivers project, which is funded by a Floodplains by Design grant
from the Washington Department of Ecology (Ecology). The purpose of the FFP is to advance
progress toward a collectively agreed upon plan for the Clear Creek area that improves
agricultural viability in the area while also meeting goals for flood risk reduction and salmon
habitat enhancement. The FFP is intended to clarify the needs and interests of the agricultural
community within the Clear Creek area.
As part of Phase 2 of the FFP, ESA facilitated a Technical Advisory Group (TAG) meeting on
November 2, 2016 focused on the topic of sediment conditions in the Puyallup River and Clear
Creek. The meeting included a presentation by Kris Jaeger of the U.S. Geological Survey
(USGS) on sediment conditions in the Puyallup River, a presentation from ESA staff on sediment
conditions in Clear Creek and its tributaries, and a group discussion of sediment questions and
concerns. This technical memorandum summarizes the information presented and discussed at
that meeting. Kris Jaeger of USGS and Judi Radloff of Geoengineers both reviewed a draft of
this memo and provided comments and edits.

2.0 Study Area
The study area for the FFP is the Clear Creek area, part of the Clear Creek Subbasin of the
Puyallup River Watershed (Figure 1). The Clear Creek Subbasin is within the Puyallup River
Watershed and is located south of the Puyallup River, north of 128th Street East, west of 66th
Avenue East, and east of McKinley Avenue East. The Clear Creek area is roughly 1.5 square
miles (990 acres) in size and bounded by the Puyallup River to the north, Pioneer Way East to the
south and west, and 52nd Street East to the east.
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Figure 1
Puyallup Watershed
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3.0 What Is Sediment?
In the context of river and floodplain management, sediment refers to the soil, mud, sand, and
gravel moved by rivers and streams. Sediment enters river systems through a variety of pathways
that can include erosion from hillslopes, upland areas, or along the river and its floodplain.
Examples of sediment delivery processes include landslides in steep terrain, gully and sheet
runoff that can occur in agricultural lands, and bank erosion or bed incision within the river
channel. Sediment, once delivered to the channel, is typically mobilized during periods of high
streamflow and may either travel short distances before temporarily depositing in the channel or
the adjacent floodplain, or may travel longer distances to a downstream receiving waterbody such
as Puget Sound. Temporary sediment deposition on gravel bars or on the floodplain eventually
will transit downstream during successive high flow events.
Figure 2, provided courtesy of the Skagit Climate Science Consortium, shows how sediment
enters and moves through a river system. Buildup of deposited sediment is called aggradation.
Downcutting in a river bed is called incision. Erosion and sediment transport in rivers and
streams are part of a natural process. Coarse sediment deposited in rivers and streams creates
spawning habitat; finer grained sediment deposited beyond the channels builds floodplains and
forms beaches, deltas, and offshore habitats (Jaeger, 2016). Adding flood control measures and
modifying the river system has changed how sediment moves through the river system. Natural
erosion and sediment transport processes continue in this modified system although sediment
movement can pose a range of challenges for people and aquatic organisms, including increased
flood risk, damage to spawning habitat, buried vegetation and habitat, and turbid water (Jaeger,
2016).

Figure 2. Sediment transport. Source: Skagit Climate Science Consortium.
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4.0 Puyallup River Sediment Conditions
4.1 Sources of Information
The USGS operates streamflow gages throughout the Puyallup River system, including its major
river tributaries, and has conducted numerous studies to understand sediment transport processes
and how channel morphology (the shape of the river) has changed through time. The USGS uses
the gage sites to evaluate sediment sources and movement in the system. The sediment-focused
reports generated from these studies include Channel-Conveyance Capacity, Channel Change,
and Sediment Transport in the Lower Puyallup, White, and Carbon Rivers, Western Washington
(2010) and Geomorphic Analysis of the River Response to Sedimentation Downstream of Mount
Rainier, Washington (2012). Findings from these reports were summarized by Kris Jaeger of
USGS in a presentation for the Farming in the Floodplain Project Technical Advisory Group on
November 2, 2016. Information in this section of the technical memorandum is based on Kris
Jaeger’s presentation (Jaeger, 2016). The USGS datasets referenced in the presentation include
sediment and streamflow monitoring data, river cross sections, and aerial imagery for the
Puyallup River Basin.

4.2 Established Information
Sediment loads in the Puyallup River system are naturally high. At 980,000 tons, the average
annual suspended sediment load from the Puyallup River ranks third in suspended sediment load
among the major rivers that drain to Puget Sound. This sediment load varies significantly from
year to year. Between 1978 and 1994, the estimated suspended sediment load each year varied
from a low of 250,000 tons to a high of 1,700,000 tons. High suspended-sediment loads in the
Puyallup River system occur because the river’s headwaters drain Mount Rainier, a glaciated
stratovolcano that produces a prodigious amount of sediment. The USGS estimates that 58 to 98
percent of the sediment volume entering the Puyallup River each year comes from Mount Rainier
National Park. Weathering, rockfall, avalanches, and debris flows on Mount Rainier are all major
sediment sources into the Puyallup River and its two major tributaries, the Carbon River and
White River (Jaeger, 2016). Sediment loads in Puyallup River system rivers draining Mount
Rainier after 1990 are elevated relative to sediment loads from the 1960s to the 1980s, but are not
unusually large relative to loads over the 20th century period.
Coarse sediment coming from Mount Rainier initially deposits in the upper reaches of the river
system, including the Upper Puyallup, White, and Carbon River. Smaller grained coarse
sediment such as gravel and cobbles are also transported to the lower reaches of the system.
Channels in the upper reaches of the Puyallup River have widened, presumably in response to
observed increases in sediment loads (Czuba et al., 2010). Channels in the lower reaches have
adjusted primarily through aggradation (Czuba et al., 2010). From 1985 to 2009, portions of the
White River have experienced up to 7 feet of aggradation in the channel, which has reduced
conveyance capacity and increased flooding risk. Reaches in the lower Puyallup River upstream
of the confluence with the Carbon River have experienced up to 4 feet of aggradation over the
same time period (Jaeger, 2016). The most downstream reaches of the lower Puyallup River
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(from the City of Puyallup downstream), have experienced more moderate aggradation rates.
From 1985 to 2009, aggradation in the Lower Puyallup River was approximately 0.3 inches per
year, or about 7 inches total over the approximately 25-year period (Czuba et al., 2010). Portions
of the lower Carbon River and lower White River experienced channel bed incision over the same
time period, with up to 3 feet of degradation.
Upper channel reaches in the Puyallup River system are dominated by larger sediment, primarily
gravel and cobbles, but the substrate of the lower channel reaches is characterized by sand and
smaller sediment particles. The riverbed substrate in the Puyallup River transitions from gravel
to sand at the approximate extent of tidal influence from Puget Sound near City of Puyallup. The
USGS estimated that the time it takes medium-sized sediment to move through the Puyallup and
White Rivers is 80 and 60 years, respectively. However, there is a long-term sediment storage
reach just upstream of Mud Mountain Dam on the White River. The Carbon River transports
medium-sized sediment more slowly, with an average transport time of 300 years (Jaeger, 2016).
Figure 3 shows the stage of three different high flow events in the Puyallup River channel
modeled at the river gage near the City of Puyallup and how these elevations changed from
around 1915 to 2010. The figure shows a 5-foot drop in the modeled water elevations between
1916 and 1917, due to the changes in the river bed associated with the Inter-County River
Improvement project, which permanently diverted the White River into the Puyallup River. The
figure also shows a 3-foot drop in the modeled water surface elevations in the 1930s associated
with gravel removal in the river for the construction of Highway 167. Starting in the mid-1980s,
the figure shows an increase in modeled water surface elevations of around 0.3 inches per year,
which is attributed to aggradation of the river bed.

Figure 3. Stage for the period of record at 10, 50, and 90 percent exceedance for gaging station
12101500, Puyallup River at Puyallup, Washington. Source: Czuba et al., 2010.
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Figure 4 shows changes over time in the theoretical discharge at which the Puyallup River starts
overtopping at the river gage near Puyallup. The theoretical overtopping discharge was estimated
by USGS based on changes in the stage-discharge rating curves at the river gage. The theoretical
overtopping discharge has decreased by about 9,700 cubic feet per second since 1987 due to
aggradation in the river channel (Czuba et al., 2010).

Figure 4. Long-term trends in the theoretical overtopping discharge and discharge measurements
at USGS streamflow-gaging station 12101500, Puyallup River at Puyallup, Washington. Source:
Czuba et al., 2010.

4.3 Information Gaps
The primary information gaps for sediment conditions in the Puyallup River relate to the effects
of climate change on sediment regimes. Studies and models across the U.S. show preliminary
evidence for increased magnitudes of high flow events, which in turn can increase sediment
transport. Other studies show that as glaciers shrink, sediment supply increases from the newly
exposed areas, but more research is needed to understand how that would affect actual sediment
transport (Jaeger, 2016). The State of Knowledge: Climate Change in Puget Sound report states
that erosion and transport of sediment are both expected to increase in the future (CIG, 2015).
More information is needed on how sediment supply could increase, what changes in sediment
transport can be anticipated, and how these changes would likely affect channel conveyance,
flood risk, salmon habitat, and other features in the Puyallup River system.

5.0 Sediment from Clear Creek and its Tributaries
5.1 Sources of Information
The two best sources of information on sediment conditions in Clear Creek and its tributaries are
the 2006 Clear/Clarks Creek Basin Plan (Basin Plan) and the 2015 Swan Creek Watershed
Characterization and Action Plan (Swan Creek Action Plan). The Basin Plan is one of ten Basin
Plans Pierce County developed to identify capital improvement, maintenance, and repair projects.
The Basin Plan addresses flooding, erosion, water quality, and habitat conditions. The Swan
Farming in the Floodplain Project
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Creek Action Plan was developed because Swan Creek is one of the County’s “Raise the Grade”
streams identified in the Annual Stream Health Report Card. The Swan Creek Action Plan was
funded in part through an Ecology Watershed Protection and Restoration Grant and is intended to
improve identified water quality problems. The Swan Creek Action Plan process included a
Sediment Loading Evaluation Study which describes sediment issues in Swan Creek.

5.2 Established Information
Erosion and sedimentation are concerns in Clear Creek and its tributaries. Deposits of fine
sediment in Clear Creek and in the drainage ditches in the Clear Creek area are documented in the
Drainage Inventory Preliminary Findings Memorandum (ESA, 2016). ESA field staff recorded
sediment deposits up to 3 feet deep in Clear Creek. Sediment deposits like this reduce the
hydraulic capacity of the channel, contribute to more frequent overbank flooding, and provide a
growth medium for invasive vegetation.
In general, the upper portion of the Clear Creek Basin is a large sediment source. During
fieldwork for the Basin Plan, active stream bank and channel bed erosion were observed in all of
the tributaries to Clear Creek. Erosion was observed in the form of channel downcutting, channel
sidecutting, and hillslope mass wasting caused largely by excessive peak flows coupled with the
geologic conditions of large, unconsolidated glacial outwash deposits, which are fine-grained and
easily erodible. The Basin Plan states that urbanization has led to an increase in peak flows on
these streams. The increased flows have in turn increased erosion (Pierce County, 2006).
All four streams draining into Clear Creek (Swan Creek, Squally Creek, upper Clear Creek, and
Canyon Creek) would be eroding naturally, especially given the erodible soils and steep
topography. However, development has altered conditions and increased sediment loads and
increased the flows that transport this sediment (Pierce County, 2006). In general, the sediment is
deposited in the low-gradient, slow moving, floodplain reach, which is the low-lying Clear Creek
area where agriculture land uses are located. All four streams have stormwater or sediment
facilities that allow for some reduction in peak flows and/or capture and removal of sediment.
Figure 5 shows hydrologic features in the Clear Creek Basin, including the four tributaries of
Clear Creek.
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Swan Creek
The 2015 Swan Creek Action Plan provides the most available information about sediment for
any of the Clear Creek tributaries. Swan Creek is the most modified of the four tributaries. The
upland wetlands on Swan Creek have been channelized, increasing peak flows. Swan Creek is
also the longest of the four tributaries, which means it has the longest eroding reach contributing
sediment to the system (Pierce County, 2015).
Swan Creek has a relatively flat uplands reach with low stream energy. Around 72nd Street East,
the stream cuts down the hill. The upper valley reach is predominantly eroding, adding sediment
to the stream. Around the lower valley reach, and particularly into the floodplain reach, sediment
starts depositing. The Swan Creek Action Plan states that some of the primary erosion issues are
caused by current conditions at the Pipeline Road Culvert and 64th Street culvert outlet (Pierce
County, 2015).
Under natural conditions, Swan Creek would be receiving sediment inputs from the upland areas,
eroding sediment in and near its channel, and transporting it downstream. The stream would be
eroding the glacial outwash soils from the stream valley walls and banks, and depositing them
onto the lower reach of the stream in what is called an alluvial fan. The channel would migrate
back and forth across the fan as sediment was deposited. Because the alluvial fan portion of the
stream has been modified and constrained where crossed by roads (Pioneer Way) and a railroad
and where residences have been built, the fan is no longer functional as a depositional area
without impacting these developments. The County constructed a sediment retention pond on the
lower portion of the stream in 1991 and maintains it by regularly removing accumulated
sediment. The sediment pond retains much of the sediment transported from upstream,
preventing it from depositing over the entire former alluvial fan area. The pond is effective
because it is located on the alluvial fan, a transition area between the high gradient and low
gradient portions of the stream. It is low enough in the system to catch most sediment and does
so just before it deposits in the floodplain (Pierce County, 2015). Pierce County Surface Water
Management (SWM) staff has stated that the purpose of the sediment pond is to keep the Pioneer
Way bridge from being overtopped. The Swan Creek Action Plan states that the current
management of the sediment pond also protects habitat in the floodplain reach where both the
City of Tacoma and Port of Tacoma wetland sites are located because sediment currently trapped
by the pond would otherwise be deposited in the wetlands (Pierce County, 2015).
The County removes sediment from the pond every 2 to 3 years. In 2011, for example, 2,400
cubic yards (cy) of sand and gravel plus 600 cy of silt were removed after 2 years of buildup
(Pierce County, 2015). Figure 6 shows sediment removed from the sediment pond in 2016. Judi
Radloff, the geomorphologist at GeoEngineers who did the sediment loading evaluation study,
has stated that the sediment pond catches most of the sediment from Swan Creek, and much of
the additional sediment that moves downstream of the pond is likely deposited in the City of
Tacoma wetland site before reaching Clear Creek (Radloff, 2016). Primarily fine sediment
suspended in the stream would be transported downstream of the wetland.
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Figure 6. Sediment removed from the Swan Creek sediment pond in 2016.
The Sediment Loading Evaluation Study for Swan Creek describes the stages of adjustment that
an urbanizing or otherwise disturbed stream goes through, based on study by two researchers
from the National Sediment Laboratory (Simon and Rinaldi, 2006). The stages are:
1 – pre-disturbed (a largely natural system);
2 – initially disrupted stage;
3 – rapid channel degradation with erosion and incision;
4 – channel widening, characterized by mass wasting along banks
5 – aggradation
6 – quasi equilibrium
According to the sediment loading evaluation study, the upland reach of Swan Creek is currently
in Stage 2 – an initially disrupted state with a channelized stream and stormwater runoff from
urbanizing land use. The upper valley reach is in stages 3 and 4 – incision and widening, as
banks are subject to failure and more frequent, higher flow volumes come through, causing
erosion. The lower valley reach is in stages 4 and 5 – the channel is still widening, but there is
also aggradation as sediment is deposited and stored in bars. The floodplain reach is in stage 5.
It is aggrading as sediment is deposited (Pierce County, 2015).
Swan Creek sediment information is not directly relevant to conditions for agriculture in the Clear
Creek area because Swan Creek enters Clear Creek downstream of the agricultural lands. In
addition, the sediment pond prevents excessive sediment from entering Clear Creek. However,
because more information has been developed for sediment conditions on Swan Creek, this
Farming in the Floodplain Project
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information may be useful to better understand conditions on the other tributaries of Clear Creek,
which have similar soils and topography.

Squally Creek
The best source of information on sediment conditions in Squally Creek, Clear Creek, and
Canyon Creek is the Basin Plan. The Basin Plan describes several sources of sediment on Squally
Creek, including easily eroded roadside ditches along 57th Street East and 64th Street East, as
well as the portion of Squally Creek downstream of the 48th Street East crossing. The Basin Plan
also states that there is sediment deposition in Squally Creek immediately upstream of Pioneer
Way East, caused by backwatering from large amounts of road fill placed in the channel during
construction of Pioneer Way East. A SWM-operated stormwater detention facility was
constructed on Squally Creek in 1995, which reduces erosion and sedimentation in the basin
(Pierce County, 2006).

Clear Creek
The Basin Plan identified the worst areas of erosion on upper Clear Creek as being immediately
downstream of the 72nd Street Culvert, where the channel has incised 10 feet with vertical
exposed banks on both sides of the channel, and between 45th Street East and Pioneer Way
(Pierce County, 2006). Downstream transport of coarse sediment from upper Clear Creek is
retained behind the privately-owned hatchery weir upstream of Pioneer Way and periodically
removed.

Canyon Creek
Similar to Clear Creek, the Basin Plan identifies an area of Canyon Creek with 10-foot-high
exposed banks for 1,000 feet downstream of the second Canyon Road crossing (Pierce County,
2006). There is a SWM-operated stormwater detention facility on Canyon Creek at 84th Street
and Canyon Road, which reduces peak flows and therefore likely reduces downstream erosion
and sediment transport in Canyon Creek.

5.3 Information Gaps
Sediment loading evaluation studies, similar to what was done on Swan Creek, should be done
for these three tributaries. In addition, information is needed on the portion of sediment in lower
Clear Creek originating from upstream areas in the Clear Creek Basin and the portion originating
in runoff from properties within the Clear Creek area.
USGS maintains a seasonal gage on Swan Creek, which records flows from October 1 to April
30. There are no other streamflow gages on Clear Creek or its tributaries. Additional streamflow
gages on Squally, Clear, and Canyon creeks would increase the understanding of hydraulic
conditions on the tributaries and how they relate to sediment transport.
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6.0 Relationship to Agricultural Viability and
Conclusions
Information and conclusions in this section are based on the discussion at the Technical Advisory
Group (TAG) meeting on November 2, 2016.

6.1 Risks to Agricultural Viability Caused by Increased
Sediment
While erosion and sedimentation are natural river processes, current and projected sediment
inputs into and transported by the Puyallup River and Clear Creek threaten agricultural viability
by increasing flood risk and by compromising the ability of the system to drain agricultural lands.
Specific risks include:
•

Aggradation in the Puyallup River channel increases flood risk to the Clear Creek area
because overtopping of River Road Levee would happen at lower flows.

•

Aggradation in the Puyallup River near the mouth of Clear Creek would cause the water
surface elevation to be higher under most river flow conditions, which would cause the
tide gates to close more frequently, thereby raising backwater conditions for Clear Creek.

•

As the river bed of the Puyallup River rises due to aggradation, the river level rises
relative to the land elevation in the Clear Creek area, which could limit the ability of the
Clear Creek area to drain even during low river flow conditions.

•

Sediment deposition and aggradation in Clear Creek create problems during high flow
and low flow conditions.
o

During high flow, the reduced hydraulic conveyance capacity from sedimentation
causes the channel to be overtopped sooner.

o

During low flow, sedimentation in the stream causes higher water levels, which
create back-water conditions in the drainage system where the drainage channels
join Clear Creek.

6.2 Research and Projects to Address Sediment Risks
Projects designed to reduce sediment inputs to the low-lying Clear Creek area could improve
drainage and increase flood storage capacity in the channel. Both the Basin Plan and the Swan
Creek Action Plan include recommended actions to address sediment sources, including
stormwater detention to control peak flows, control of direct discharges to the creeks, sediment
source control, and installation of log jams to store sediment in the creeks and reduce downcutting. Additional projects could be identified through research on sediment sources and
dynamics on Squally Creek, Clear Creek, and Canyon Creek.
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Sediment loading evaluations should be done for Squally Creek, Clear Creek, and Canyon Creek
in order to understand the risk to agriculture viability. A range of approaches to study sediment
sources on the tributaries could be undertaken. Some examples include:
•

The Swan Creek evaluation was funded in part by an Ecology grant and included review
of existing data and models, field work to identify sediment sources, collection of
sediment samples, and modeling.

•

The Puyallup Tribe recently completed a study of sediment sources on nearby Clarks
Creek and its tributaries. That study, which included a stakeholder process, cost
approximately $500,000 and identified bank stabilization projects that can be undertaken
to address sediment sources from eroding banks.

•

A less resource-intensive approach could involve hiring a geomorphologist to do field
reconnaissance to identify areas of bank erosion.

These approaches represent two ends of a range of approaches; depending on available resources,
an appropriate approach could be developed somewhere between these two levels of effort.
Uncertainty associated with the effects of climate change is another risk to agricultural viability.
The ability to plan for agricultural viability long-term would be enhanced by a greater
understanding of how climate change could affect sediment dynamics in the Clear Creek area.

6.3 Sediment and Other Projects in the Study Area
Pierce County is currently pursuing a Habitat and Flood Capacity Creation project, which is a
pilot study that will evaluate the effectiveness for combining habitat restoration treatments with
selective sediment removal on the Puyallup River near the confluence with the White
River. Depending on the outcome of the project, targeted and strategic sediment removal on the
Puyallup River could reduce aggradation and increase flood storage capacity in the channel while
simultaneously improving habitat conditions. The project is intended to be one in a suite of
several risk reduction strategies currently ongoing in Pierce County to address moderate flood
events.
Construction of the proposed Clear Creek Floodplain Reconnection Project would hydraulically
reconnect a portion of the Clear Creek area (contained on the wet side of a new ring levee) to the
Puyallup River. At the TAG meeting, the possibility that the wet side of the levee would become
a depositional area for sediment from the Puyallup River was discussed. Tidal water level
fluctuations in this would tend to cause channels to form and be maintained within this
depositional area. At a nearby Puyallup Tribe restoration site on the Puyallup River, which
opened up a subsided area to intertidal flow, approximately 4 feet of vertical aggradation was
observed in the first three years, though the site has now reached equilibrium, according to
comments from Russ Ladley of the Puyallup Tribe at the TAG meeting. At the TAG meeting,
farmers in the Clear Creek area requested that modeling be completed to predict sediment
dynamics on the wet side of the proposed levee, including a determination of how the
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combination of sediment deposition and fluctuating water levels on the wet side of the levee
would affect agricultural drainage from the dry side of the levee. Farmers also requested
additional information on what type of habitat would be constructed on the wet side of the levee
and whether drainage channels through the habitat area could be maintained to support drainage
from the agricultural areas on the dry side of the levee.
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